i\2) INTKRNATIONAI, APPLICATION PURMSHRD UND£K THE PATENT COOPERATION TREATY (PCT) 


(19) World InleUeclual Property 
Organizalioo 
International Bureau 

{4M Inlcmulional Puhlicalion Date 
1 April im (01.04.2004) 



(10) International Publication Number 

PCT WO 2004/027205 A2 


(51) Inlenuitmnal P*dtenl Ctasj^llcatiun'': 


E21B 


(21) InlrmaliiHiai Appticatifm Number: 

PCTAJS20O3/O29859 

(22) Inlemaliunal Filing Date: 

22 September 2003 (22.09.2003) 


(25) Fillnj; l^ngua^e: 

(26) PubUcallon language: 


Gnglish 
English 


(30) Priority Data: 

6m\2JiA2 20 Sepiembcr 2002 (20.09.2002) US 

(71) AppliranI {for alhlesii^fiated Stales except US)i EN VEN- 
TURE GLOBAL TECHNLOGY lUS/US); 16200 APark 
Row, Housion. I X 77084 (US). 


(72) Inventors; und 

(75) Invenlors/Applicaiits (for US otttv): 


RING, Lev 


[RUAJSl; 14126 Hcathcrhill Place. Housion. TX 77077 
(US). WATSON, Brock, Wayne (USA1S|; 2535 Marsh 
l^ne #I0(M. Canrollion, TX 75006 (US). BRISCO, David, 
Paul [US^Sl; 405 Weslridge Drive, Duncan, OK 73533 

(US). 

(74) Agent: MA'ITINGLY, Todd; Haynes and Bo4>nc, LLK 
Suiic 4300, 1000 Louisiana Street, Housiom TX 77002- 
5012 (US). 

(81) Designated Slates (national)', AE, AG, AL, AM. AT AU, 
AZ, BA. BB. BG, BR, BY. BZ. CA, CH, CN, CO, CR. CU, 
CZ. Db, DK, DM, DZ, hC, hH, HS, (iB, (J\X GH, GH, 
GM, HR, HU, ID, IL, IN, IS, JP. KE. KG, KP, KR. KZ, LC, 
LK, LR, LS, LT. LU, LV, MA. MD, MG, MK, M>J, MW, 
MX, MZ. NO, NZ, PL, PT. RO, RU. SD, SE, SG, SK, SL. 
TJ, TM, TR, TT, TZ, IJA, UG. US, UZ, VN, YIJ, ZA, ZM. 
ZW. 

(»4) Designated Stales (regiomil): ARIPO paiem (GH, (iM. 
KE, LS, MW, MZ, SD, SL, SZ, TZ. UG, ZM, ZW). 

/ Cominued on next page] 


(54) nile: MONO DIAMETER WELLBORE CASING 


\0 


< 

IT) 


O 


\ 



(57) Abstract: An apparatus for radially expanding and plastically deform- 
ing an expandable tubular members to form a mono diameter wellbore cas- 
ing includes an adjustable expansion assembly having a firet diaineler for 
forming a bell portion of in each tubular member and a second diameter 
for forming a mono diameter portion that nests into the hell portion of the 
preceding tubular member. 


wo 2004/027205 A2 lililEllinilllllllllllliliiniliniil 


Kurasian pateni (AM, AZ. BY. KG. KZ. MD, RU, TJ, TM I 
Uuropcan patent (AT. BE BG. CI I, CY, CZ, Dl£, DK, EE. 
lis. H. IK. CiB. (iK. IIU. IH. rr LU. MC. NL. PT. RO. 
Sli, SL SK, TO), OAPI pateni (BF, BJ, CI-; CU, CI. CM, 
OA. C5N, GQ. GW, MK, MR. NE, SN, TD,TG). 

l>ecIaratton under Ruk 4.17: 

— inventorship ( Rule 4. 1 7(iv)) for US only 


FubUshed: 

— without international xean-h report md to be repubtisfurJ 
upon retxipl of that rrpttrt 

tor tn'o- tetter ctnles aiiJ o titer ahbreviaitom. refer to the "GuiJ- 
awx Notes on Codes and Abbreviations" appearitig at the bej> in- 
ning of each m^uiar issue of the PCT Gazflitc. 


wo 2004/0272l>5 


PCT/US2003/029859 


MONO DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 

Hie present application claims the benefit of the filing date of (1) U.S. 
provisional patent application serial no. 60/412,542, attorney docket no 25791.102, 
filed on 9/20/2002. the disclosure of which is incorporated herein by reference. 

The present application is related to the following: (1) U.S. patent application 
serial no. 09/454,139, attorney docket no. 25791.03.02. filed on 12/3/1999, (2) U.S. 
patent application serial no. 09/510,913, attorney docket no. 25791.7.02. filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000. (4) U.S. patent no. 6,328,113. (5) U.S. patent 
application serial no. 09/523,460. attorney docket no. 25791.11.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512.895, attorney docket no, 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511.941, 
attorney docket no. 25791 .16.02, filed on 2/24/2000. (8) U.S. patent application 
serial no. 09/588.946, attorney docket no. 25791.17.02, filed on 6/7/2000. (9) U.S. 
patent application serial no. 09/559.122, attorney docket no. 25791.23.02. filed on 
4/26/2000, (10) PCT patent application serial no. PGT/USOO/18635. attorney docket 
no. 25791.25.02. filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162.671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047, attorney docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney 
docket no. 25791.34. filed on 10/12/1999, (14) U.S. provisional patent application 
serial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no. 25791 .37. 
filed on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212,359, 
attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent 
application serial no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999. 
(18) U.S. provisional patent application serial no. 60/221,443, attorney docket no. 
25791.45. filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
60/221.645, attorney docket no. 25791.46. filed on 7/28/2000, (20) U.S. provisional 
patent application serial no. 60/233,638, attorney docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, attorney 
docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent application 
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serial no. 60/270.007. attorney docket no. 25791.50, filed on 2/20/2001. (23) U.S. 
provisional patent application serial no. 60/262.434, attorney docket no. 25791,51, 
filed on 1/17/2001, (24) U.S. provisional patent application serial no. 60/259,486, 
attorney docket no. 25791.52. filed on 1/3/2001, (25) U.S. provisional patent 
application serial no. 60/303,740, attorney docket no. 2579161, filed on 7/6/2001, 
(26) U.S. provisional patent application serial no. 60/313.453, attorney docket no. 
25791.59. filed on 8/20/2001, (27) U.S. provisional patent application serial no. 
60/317,985, attorney docket no. 25791.67, filed on 9/6/2001. (28) U.S. provisional 
patent application serial no. 60/3318.386. attorney docket no. 25791.67.02, filed on 
9/10/2001, (29) U.S. utility patent application serial no. 09/969,922, attorney docket 
no. 25791.69. filed on 10/3/2001, (30) U.S. utility patent application serial no. 
10/016,467, attorney docket no. 25791.70, filed on 12/10/2001, (31) U.S. provisional 
patent application serial no. 60/343,674, attorney docket no. 25791.68, filed on 
12/27/2001. (32) U.S. provisional patent application serial no. 60/346,309, attorney 
docket no 25791.92, filed on 1/7/2002, (33) U.S. provisional patent application serial 
no. 60/372,048, attorney docket no. 25791.93, filed on 4/12/2002, (34) U.S. 
provisional patent application serial no. 60/380.147, attorney docket no. 25791 .104, 
filed on 5/6/2002, (35) U.S. provisional patent application serial no. 60/387,486, 
attorney docket no. 25791.107, filed on 6/10/2002, (36) U.S. provisional patent 
application serial no. 60/387,961, attorney docket no. 25791.108, filed on 6/12/2002. 
(37) U.S. provisional patent application serial no. 60/391,703, attorney docket no. 
25791.90, filed on 6/26/2002, (38) U.S. provisional patent application serial no. 
60/397,284. attorney docket no. 25791.106, filed on 7/19/2002, (39) U.S. provisional 
patent application serial no. 60/398.061, attorney docket no. 25791.110, filed on 
7/24/2002, (40) U.S. provisional patent application serial no, 60/405,610, attorney 
docket no. 25791.119. filed on 8/23/2002. (41) U.S. provisional patent application 
serial no. 60/405,394. attorney docket no. 25791.120. filed on 8/23/2002. (42) U.S. 
provisional patent application serial no. 60/412,177, attorney docket no. 25791.1 17, 
filed on 9/20/2002, (43) U.S. provisional patent application serial no. 60/412,653, 
attorney docket no. 25791.118. filed on 9/20/2002, (44) U.S. provisional patent 
application serial no. 60/412.544. attorney docket no. 25791.121. filed on 9/20/2002, 
(45) U.S. provisional patent application serial no. 60/412.187, attorney docket no. 
25791.128, filed on 9/20/2002. (46) U.S. provisional patent application serial no. 
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60/412,187, attorney docket no. 25791.127. filed on 9/20/2002. (47) U.S. provisional 
patent application serial no. 60/412,487. attorney docket no. 25791.112. filed on 
9/20/2002, and (48) U.S. provisional patent application serial no. 60/412.488. 
attorney docket no. 25791.114, filed on 9/20/2002, the disclosures of which are 
Incorporated herein by reference. 

Background of the invention 

This invention relates generally to oil and gas exploration, and in particular to 
forming and repairing wellbore casings to facilitate oil and gas exploration. 

Conventionally, when a wellbore is created, a number of casings are installed 
in the borehole to prevent collapse of the borehole wall and to prevent undesired 
outflow of drilling fluid into the fomiation or inflow of fluid from the formation into the 
borehole. The borehole is drilled in intervals whereby a casing which is to be 
installed in a lower borehole inten/al is lowered through a previously installed casing 
of an upper borehole interval. As a consequence of this procedure the casing of the 
lower interval is of smaller diameter than the casing of the upper inten/al. Thus, the 
casings are in a nested arrangement with casing diameters decreasing in downward 
direction. Cement annuli are provided between the outer surfaces of the casings 
and the borehole wall to seal the casings from the borehole wall. As a consequence 
of this nested arrangement a relatively large borehole diameter is required at the 
upper part of the wellbore. Such a large borehole diameter involves increased costs 
due to heavy casing handling equipment, large drill bits and increased volumes of 
drilling fluid and drill cuttings. Moreover, increased drilling rig time is involved due to 
required cement pumping, cement hardening, required equipment changes due to 
large variations in hole diameters drilled in the course of the well, and the large 
volume of cuttings drilled and removed. 

The present invention is directed to overcoming one or more of the limitations 
of the existing procedures for forming and/or repairing wellbore casings. 

Summary of the Invention 

According to one aspect of the present invention, an expansion cone 
assembly having two diameters for forming a skirt or bell section at which nested 
expandable tubular members overiap and for forming a mono diameter section of an 
expandable wellbore casing is provided. 
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Brief Description of the Drawings 

Fig. 1 is a scliematic fragmentary cross-sectional illustration of an expandable 
tubular member and expansion cone assembly running through a mono diameter 
well bore casing formed according to one aspect to the invention. 

Fig. 2 is a schematic fragmentary cross-sectional illustration of an expandable 
tubular member and expansion cone assembly forming a bell portion of the mono 
diameter well bore casing of Fig. 1 according to one aspect to the invention. 

Fig. 3 is a schematic fragmentary cross-sectional illustration of an expandable 
tubular member and expansion cone assembly forming a mono diameter portion of 
the mono diameter wellbore casing of Figs. 1 and 2 according to another aspect to 
the invention. 

Fig. 4 is a schematic fragmentary cross-sectional illustration of an expandable 
tubular member, a gripping mechanism within the tubular member, an actuator, an 
expansion cone assembly for fomning a mono diameter casing and a float shoe 
supporting the tubular member for mnning into a wellbore. 

Fig. 5 is a schematic fragmentary cross-sectional illustration of an expandable 
tubular member, a gripping mechanism engaging the tubular member, an actuator 
and expansion cone assembly for forming a mono diameter casing, with the tubular 
member lifted off the bottom of the wellbore and with the expansion cone assembly 
pushed by the actuator into an open wellbore. 

Fig. 6 is a schematic fragmentary cross-sectional illustration of the expansion 
cone assembly expanded for radially expanding and plasti'cally deforming the 
expandable tubular member. 

Figs. 7a -7e are fragmentary cross-sectional illustrations of the placement of 
an exemplary embodiment of an apparatus for fomiing a mono diameter wellbore 
casing within a wellbore that traverses a subterranean formation. 

Figs. 8a - Be are fragmentary cross-sectional illustrations of the apparatus of 
Figs. 7a -7e after placement on the bottom of the wellbore. 

Figs. 9a -9e are fragmentary cross-sectional illustrations of the apparatus of 
Figs. 8d - Be after placing a bail or dart within the ball or dart seat to initiate the radial 
expansion and plastic deformation of the expandable tubular member. 

Figs. 10a -10e are fragmentary cross-sectional illustrations of the apparatus 
of Figs. 9a-9e after the initiation of the radial expansion and plastic deformation of 
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the aluminum sleeve within the shoe. 

Fig. 1 1d -11b is a fragmentary cross-sectional illustration of an exemplary 
embodiment of an apparatus for radially expanding and plastically deforming a 
tubular member that includes an adjustably expandable expansion cone assembly. 

Fig. 12 is a fragmentary cross-sectional illustration of an upper cone 
portion of the apparatus for radially expanding and plastically deforming a tubular 
member of Figs. 1 1 a - 11 b. 

Fig. 13 is a fragmentary cross-sectional illustration of a lower cone portion 
of the apparatus for radially expanding and plastically deforming a tubular member 
ofFigs.11a-11b. 

Fig. 14 is a fragmentary cross-sectional illustration of an overlapping 
portion of the apparatus for radially expanding and plastically defomiing a tubular 
member of Figs. 11a-11b. 12 and 1 3. 

Fig. 15 is a fragmentary cross-sectional and perspective illustrations of the 
upper cam assembly of the apparatus for radially expanding and plastically 
deforming a tubular member of Figs. 11a - 1 1b. 

Fig. 16 is a fragmentary cross-sectional and perspective illustrations of the 
lower cam assembly of the apparatus for radially expanding and plastically 
deforming a tubular member of Figs. 11a - 1 1b. 

Fig. 17a -17b is a fragmentary cross-sectional illustration of an exemplary 
embodiment of an apparatus for radially expanding and plastically deforming a 
tubular meml>er that includes an adjustably expandable expansion cone assembly 
of Figs. 1 la - 1 lb activated for cementing. 

Fig. 18a -18b is a fragmentary cross-sectional illustration of an exemplary 
embodiment of an apparatus for radially expanding and plastically deforming a 
tubular member that includes an adjustably expandable expansion cone assembly 
of Figs. 1 la - 1 lb activated for adjusting the expansion diameter. 

Fig. 19 is a fragmentary cross-sectional illustration of an overlapping portion 
of the apparatus for radially expanding and plastically deforming a tubular member 
adjusted to an intermediate expansion diameter. 

Fig. 20a -20b are fragmentary cross sectional illustrations of the apparatus of 
Figs. lOd-lOe after the completion of ttie radial expansion and plastic defomiatlon of 
the aluminum sleeve within the shoe. 
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Figs. 21a -21b are fragmentary cross-sectional illustrations of the apparatus 
of Figs. 20a -20b after displacing the sliding sleeve valve within the shoe to permit 
circulation around the bail or dart. 

Figs. 22a -22b are fragmentary cross sectional illustrations of the apparatus 
of Figs. 21a -21b during the injection of cement into the annulus between the radially 
expanding tubular member and the wellbore using the bypass circulation provided by 
the displaced sliding sleeve valve within the shoe. 

Detailed Description of the Illustrative Embodiments 

Figs. 1- 6 illustrate several illustrative embodiments of a device and method 
for forming a mono diameter well bore casing using an expansion assembly 
including two cone diameters, one of which is larger than the other for fomning a bell 
(sometimes called a skirt) section for overlapping expandable tubular members so 
that the effort required for the expansion assembly to expanded two overlapping 
tubular members is reduced. The other cone diameter is sized for expanding the 
tubular members to the desired diameter along the length of the tubular member 
thereby resulting in a mono-diameter well bore casing. The two diameters may be 
provided with a conventional adjustable size expansion cone having two expansion 
diameters, one larger than the other. The larger diameter is adjusted to a smaller 
diameter after a bell section of an expandable tubular member is formed and then 
the remainder of the expandable tubular member is expanded to a the desired 
internal diameter for the mono diameter wellbore casing. Conventional adjustably 
expandable cones can be used according to the invention. In several alternative 
embodiments, the invention is implemented as described in Figs. 7a -7e, 8a -8e, 9a- 
9e. 10a -10e. 11a -11b and 17a-17b. 18a-18b and 19a-19b with an exemplary 
adjustably expandable cone assembly as described in greater detail herein with 
reference to Figs. 11a - lib, 12, 13, 14, 15 and 16. In other alternative 
embodiments the adjustably expandable cones of the invention may be 
implemented or using the methods and/or apparatus disclosed one or more of the 
following: (1) U.S. patent application serial no. 09/454,139, attorney docket no. 
25791.03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 09/510.913, 
attorney docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
no. 6,328.113, (5) U.S. patent application serial no. 09/523,460. attorney docket no. 
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25791.11.02, filed on 3/10/2000. (6) U.S. patent application serial no. 09/512,895, 
attorney docket no. 25791.12.02, filed on 2^4/2000, (7) U.S. patent application 
serial no. 09/511,941. attorney docket no. 25791.16.02. filed on 2/24/2000, (8) U.S. 
patent application serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 
6/7/2000. (9) U.S. patent application serial no. 09/559,122, attorney docket no. 
25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25,02, filed on 7/9/2000. (11) U.S. 
provisional patent applrcation serial no. 60/162,671, attorney docket no. 25791.27, 
filed on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154,047, 
attorney docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisional patent 
application serial no. 60/159.082, attorney docket no. 25791.34, filed on 10/12/1999, 
(14) U.S. provisional patent application serial no. 60/159,039, attorney docket no. 
25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 
60/159,033, attorney docket no. 25791.37, filed on 10/12/1999. (16) U.S. provisional 
patent application serial no. 60/212,359, attorney docket no. 25791.38. filed on 
6/19/2000, (17) U.S. provisional patent application serial no. 60/165,228, attorney 
docket no. 25791.39. filed on 11/12/1999. (18) U.S. provisional patent application 
serial no. 60/221,443, attorney docket no. 25791.45. filed on 7/28/2000. (19) U.S. 
provisional patent application serial no. 60/221,645. attorney docket no. 25791,46, 
filed on 7/28/2000, (20) U.S. provisional patent application serial no. 60/233,638. 
attorney docket no. 25791.47, filed on 9/18/2000. (21) U.S. provisional patent 
application serial no. 60/237,334, attorney docket no. 25791.48. filed on 10/2/2000. 
(22) U.S. provisional patent application serial no. 60/270.007, attorney docket no. 
25791.50, filed on 2/20/2001, (23) U.S. provisional patent application serial no. 
60/262,434. attorney docket no. 25791.51. filed on 1/17/2001. (24) U.S. provisional 
patent application serial no. 60/259,486. attorney docket no. 25791 .52. filed on 
1/3/2001. (25) U.S. provisional patent application serial no. 60/303,740, attorney 
docket no. 25791.61. filed on 7/6/2001, (26) U.S. provisional patent application serial 
no. 60/313.453. attorney docket no. 25791.59, filed on 8/20/2001. (27) U.S. 
provisional patent application serial no. 60/317,985, attorney docket no. 25791.67, 
filed on 9/6/2001, (28) U.S. provisional patent application serial no. 60/3318.386, 
attorney docket no. 25791.67.02, filed on 9/10/2001, (29) U.S. utility patent 
application serial no. 09/969.922, attorney docket no. 25791.69. filed on 10/3/2001, 
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(30) U.S. Utility patent application serial no. 10/016,467. attorney docket no. 
25791.70. filed on 12/10/2001, (31) U.S. provisional patent application serial no. 
60/343,674, attorney docket no. 25791.68. filed on 12/27/2001, (32) U.S. provisional 
patent application serial no. 60/346,309, attorney docket no 25791.92, filed on 
1/7/2002, (33) U.S. provisional patent application serial no. 60/372,048, attorney 
docket no. 25791.93. filed on 4/12/2002, (34) U.S. provisional patent application 
serial no. 60/380.147. attorney docket no. 25791.104. filed on 5/6/2002. (35) U.S. 
provisional patent application serial no. 60/387,486. attorney docket no. 25791.107, 
filed on 6/10/2002, (36) U.S. provisbnal patent application serial no. 60/387,961, 
attorney docket no. 25791.108, filed on 6/12/2002. (37) U.S. provisional patent 
application serial no. 60/391,703, attorney docket no. 25791.90. filed on 6/26/2002, 
(38) U.S. provisional patent application serial no. 60/397,284. attorney docket no. 
25791.106. filed on 7/19/2002. (39) U.S. provisional patent application serial no. 
60/398.061, attorney docket no. 25791.110, filed on 7^4/2002, (40) U.S. provisional 
patent application serial no, 60/405.610, attorney docket no. 25791.1 19. filed on 
8/23/2002, (41) U.S. provisional patent application serial no. 60/405,394, attorney 
docket no. 25791.120. filed on 8/23/2002. (42) U.S. provisional patent application 
serial no. 60/412,177. attorney docket no. 25791 .117, filed on 9/20/2002. (43) U.S. 
provisional patent application serial no. 60/412,653. attorney docket no. 25791.118, 
filed on 9/20/2002. (44) U.S. provisional patent application serial no. 60/412.544, 
attorney docket no. 25791.121. filed on 9/20/2002. (45) U.S. provisional patent 
application serial no. 60/412,187. attorney docket no. 25791,128, filed on 9/20/2002, 
(46) U.S. provisional patent application serial no. 60/412.187, attorney docket no. 
25791.127. filed on 9/20/2002, (47) U.S. provisional patent application serial no. 
60/412.487, attorney docket no. 25791.1 12. filed on 9/20/2002, and (48) U.S. 
provisional patent application serial no. 60/412,488, attorney docket no. 25791.114, 
filed on 9/20/2002. the disclosures of which are incorporated herein by reference. 

Fig. 1 shows a schematic illustration of an apparatus 10 in a wellbore 12 with 
an expandable tubular member 14 and an expansion cone assembly 16 supported 
by a tubular support 30 (such as a drill pipe 30). all supported by a float shoe 32 for 
running into a wellbore 12 through a plurality of casing sections 18a and 18b of a 
mono diameter wellbore casing 18 in the process of being formed, according to one 
aspect to the invention. The existing casing 18 sections 18a and 18b have been 
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formed from expandable tubular members 14 and according to the teachings of the 
present invention include mono diameter portions 28a and 28b with a first inside 
diameter ID1 and bell portions 22a and 22b having a second inside diameter inside 
diameter ID2 and a length L. There is an overlapping portion 26 where the bell 
portions 22a overlap of the casing section 1Bb. 

Fig. 2 shows a schematic illustration of the expandable tubular member 14» 
acted upon by a large cone 20 of the expansion cone assembly 16 to expand the 
diameter of the lower end of the expandable tubular member 14 to fomi a bell 
portion 22. The bell portion 22 is formed by the large cone 20 of the expansion cone 
assembly 16 that has an adjustable cone diameter sufficiently large so that the 
resulting expanded inside diameter of the bell portion 20 is at least slightly larger 
than a desired inside diameter of the mono diameter wellbore casing 18. The length 
of the bell portion 20 depends upon the desired length of overlapping lengths 26 
between nested casing sections 18a, 18b, and 18c. For example, it is contemplated 
applicants that the overlap length 26 and therefore the bell portion 22 may have a 
length up to about 100 feet or up to about 150 feet. 

Fig. 3 shows a schematic illustration of the expandable tubular member 14 of 
Fig. 2. with the expansion cone assembly 16 positioned for expanding the 
expandable tubular member 14 to the desired mono diameter at the portion 28 
above the bell portion 22, In this configuration the diameter of the large adjustable 
cone 20 is collapsed, or is otherwise adjusted, to a smaller diameter. Another cone 
24. having a diameter smaller than the large diameter of cone 20, is provided for 
radially expanding the tubular member 14 to the desired inside diameter of the mono 
diameter wellbore casing. The wellbore casing section 18c of the mono diameter 
well bore casing 18 of Figs. 1 and 2. overiaps with the wellbore casing section 18b 
along the overtapping length 26 and at the bell portion 22b. The inside diameter or 
the bell portion 22 and the outside diameter of the mono diameter portion 28 are the 
same to provide a tight fitting junction between the nested sections 18a. b, c and etc. 
For example, where the expandable tubular member 14 has a wall thickness of 
about 0.35 inches and for the desired inside diameter of the mono diameter wellbore 
casing is about 10.3 inches, after expansion, the inside diameter of the bell portion 
might be about 1 1.0 inches, or slightly less to provide a tight fit between the 
overlapping portions of the casing sections 18a, b. c and etc. 
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The large diameter cone 20 can be positioned above, below or effectively at 
the same position as the small diameter cone 24, without departing from certain 
aspects of the invention. Also, it will be understood by those of ordinary skill in the 
art, and based upon this disclosure, that the targe diameter corresponding to the 
inside diameter of the bell portion can be provided by a first collapsible or 
adjustable cone 22, that provides the desired bell portion diameter and that can be 
collapsed to a smaller diameter, together with a second cone 24 that provides the 
diameter for forming the mono diameter well bore casing. It will also be understood 
that in an alternative embodiment the expansion to the mono diameter can be 
provided by adjusting the diameter of cone 22 to effectively become the smaller 
diameter cone 24 having a diameter corresponding to the desired mono diameter. It 
will further be understood that in another alternative embodiment the cone 24 is a 
distinct cone 24 either fixed at the desired mono diameter size or expandable to the 
desired mono diameter size. 

Fig. 4 shows a schematic mono diameter casing forming apparatus 10, 
further depicting one arrangement of a mechanism for activating the expansion cone 
assembly 16 to expand the tubular member 14. The apparatus 10 is shown in a 
configuration for running into a wellbore 12. A drill pipe 30 supports the apparatus 
10, as it is running down into the wellbore 12, with a connected float shoe 32. The 
drill pipe 30 may be a conventional drill pipe or other conventional down hole tubular 
support member. The float shoe may be a conventional float shoe or other tool 
guiding structure that serves the describe purpose attached to the drill pipe or other 
tubular support member. The float shoe 32 thus supports the new expandable 
tubular member14 that is to be added to and expanded for engagement with the 
lower end of the mono diameter wellbore casing 18 that has been previously formed. 
An gripping tool 34, sometimes called an anchor that may be a device as shown or 
a conventional gripping tool or anchor, is provided to hold the expandable tubular 
member 14 fixed relative to one end of a hydraulic actuator 36, sometimes called a 
force multiplier mechanism that may be a device as shown or a conventional 
actuator or force multiplier. The hydraulic actuator 36 is configured and actuatable 
for moving the expansion cone assembly 16 relative to the expandable member 14, 
either in tension using sub 36a or in compression using sub 36b. 

Fig. 5 schematically shows an embodiment of the mono diameter casing 
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forming apparatus 10, with the gripping mechanism 34 engaging the tubular member 
14. with the tubular member 14 lifted off the bottom of the well bore 12 and with 
the expansion cone 16 pushed by actuator 36 into the open wellbore 12, A 
conventional dart 53 or ball is dropped to seal the float shoe 32, or another 
conventional shut-off device such as a mechanical valve or a velocity valve is used 
and activated, so that fluid 38 forced through the drill pipe 22 increases pressure to 
activate the gripping tool 26. When the drill pipe 22 is set down at the bottom of the 
hole, the tension sub 36a of the actuator mechanism 36 is actuated. Pressure Is 
increased in the drill pipe 30 and the gripping mechanism 34 is engaged to anchor 
the tubular member 14. Compression sub 36b is activated to lift the tubular liner 14 
off the bottom of the wellbore and to push the cone assembly 16 into the open hole 
of wellbore 12. 

Fig. 6 shows the expansion cone assembly 16 expanded for radially 
expanding and plastically deforming the expandable tubular member 14. The 
expansion of the expansion cone assembly Is activated in a conventional manner, as 
with a dart 42 that is passed with the fluid 38 down through the drill pipe 30 to 
thereby cause appropriate port alignment and/or appropriate valve activation for the 
expansion cone assembly 16. An optional sacrificial protective sleeve 40 that 
protects the expansion cone assembly 16 while it is running into the wellbore breaks 
off when the expansion cone assembly is expanded. The protective sleeve 40 may 
be formed of a plastic or composite material so that the sacrificial protective sleeve 
easily breaks off and does not interfere with the expansion of the tubular member 
14. 

In an exemplary embodiment, as illustrated in Figs. 7a -7e, an apparatus 10 
for forming a mono diameter wellbore casing 18 is positioned within a wellbore 12. 
The apparatus 10 includes, among other things, an expandable tubular member 14 
and an adjustable expansion cone assembly 16. During placement of the apparatus 
10 within the wellbore 12. the expandable tubular member 14 may be supported by 
the grip tool 34 and/or the expansion cone assembly 16 and/or the float shoe 32. 

In an exemplary embodiment, as illustrated in Figs. 8a - 8e, the apparatus 10 
is then positioned into contact with the bottom 44 of the wellbore 12. As a result, a 
shear pin 46 is sheared and a dog locking sleeve 48 is driven upwardly thereby 
displacing a plurality of dogs 50 outwardly in the radial direction in a conventional 

11 


wo 2004/027205 


PCTAJS2m«/029859 


manner. 

In an exemplary embodiment, as illustrated in Figs. 9a - 9e, a ball 52 or 
conventional dart may then be placed within the ball or dart seat 54 of the apparatus 
by injecting fluidic material 38 into the apparatus 10. As a result, the flow of fluidic 
material 38 through the float shoe 32 is blocked. The expansion cone assembly is 
also actuated in a conventional manner, for example with the pressure caused by 
the ball 52 or a dart 42 (as shown in Fig. 6 above), to expand to the large diameter 
for expanding the bell. Pressure builds and the actuator 36 is activated in tension to 
draw the large cone 20 upward partially through the expandable tubular member 14. 
Pressure can be released and reactivated in the actuator 36 and gripping tool 34 to 
repeatedly stroke the large cone 20 of the expansion cone assembly 16 along the 
desired overlapping length L of the casing to thereby form the bell portion 22 of the 
casing. 

In an exemplary embodiment, as illustrated in Figs. 10a -lOe, the large 
diameter cone 20 is actuated to collapse or adjust to a smaller diameter cone 24 
coresponding to the desired diameter of the mono diameter casing 18, using 
conventional actuation, for example, increased fluidic pressure and a rupture disc in 
an appropriate port (not shown) or an additional dart 56 injected with the fluidic 
material 38 into the apparatus 10 to a conventional dart seat 58. The gripping tool 
34 is activated to lock the top end of the hydraulic actuator 36 to the expandable 
tubular member 14. The injected fluidic material 38 also causes the adjustable cone 
24 to reach the desired diametrical size for forming the mono diameter casing 18. 
The continued injection of the fluidic material 38 furthemnore increases the operating 
pressure within the apparatus thereby causing the hydraulic actuator 36 to pull the 
expansion cone 24 into the expandable tubular member 14. As a result, the 
expandable tubular member 14 is radially expanded. 

The continued upward movement of the expansion cone pulls the float shoe 
32 to the bottom end of the radially expanded tubular member 14. As a result, the 
end of the radially expanded tubular member 14 will impact the dogs 50 thereby 
preventing the float shoe 32 from moving further in the upward direction. The 
continued upward movement of the expansion cone then will pull a sleeve expander 
cone 60 for the sleeve 62 upwardly thereby radially expanding a sleeve of the float 
shoe within the float shoe. 
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In one exemplary embodiment, as illustrated in Figs. 11a -11b, 12, 13, 14. 15 
and 16, the expansion cone assembly 16 is adjustable for providing two outside 
diameters, one outside diameter larger than the other outside diameter. The 
construction of the expandable cone assembly may also be constructed in 
accordance with the principles and design disclosed in U.S. provisional patent 
application serial no. 60/387.961, attomey docket no. 25791.108, filed on 6/12/2002. 
the disclosure of which is incorporated herein by reference. An exemplary 
embodiment includes a tubular support member 64 coupled to an end of a safety 
collar 66 that defines a passage 66a and a recess 66b, at one end for receiving the 
end of the tubular support member 14, and recesses 66c and 66d at another end. 

A torque plate 68 is received within and is coupled to the recess 66c of the 
safety collar 66 that defines a passage 68a and a plurality of meshing teeth 68b at 
one end. An end of an upper mandrel collar 70 is received with and is coupled to 
the recess 66d of the safety collar 66 proximate an end of the torque plate 68 that 
defines a passage 68a. Torque pins 72a and 72b further couple the end of the 
upper mandrel collar 70 to the end of the safety collar 66. 

An end of an upper mandrel 74 is received within and is coupled to the upper 
mandrel collar 70 that defines a passage 74a, a plurality of meshing teeth 74b that 
mate with and transmit torque to and from the meshing teeth 68b of the torque plate 
68, and an external flange 74c at another end. 

An upper packer cup 76 mates with, receives and is coupled to the upper 
mandrel 74 proximate the end of the upper mandrel collar 70. In an exemplary 
embodiment, the upper packer cup 76 is a conventional Guiberson^*^ packer cup. 
An upper spacer sleeve 78 mates with, receives, and is coupled to the upper 
mandrel 74 proximate an end of the upper packer cup 76. A lower packer cup 80 
mates with, receives and is coupled to the upper mandrel 74 proximate an end of 
the upper spacer sleeve 78. In an exemplary embodiment, the lower packer cup 80 
is a conventional Guiberson™ packer cup. A lower spacer sleeve 82 mates with, 
receives, and is coupled to the upper mandrel 74 proximate an end of the lower 
packer cup 80 and the external flange 74c of the upper mandrel. A retaining sleeve 
84 mates with, receives, and is coupled to an end of the lower spacer sleeve 
proximate the external flange 74c of the upper mandrel 74. 

An end of a lower mandrel 86 defines a recess 86a that mates with, receives. 
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and is coupled to the external flange 74c of the upper mandrel 74. a recess 86b that 
mates with, receives, and is coupled to the end of the upper mandrel, a passage 
86c, and an external flange 86d including circumferentiaiiy spaced apart meshing 
teeth 86da on an end face of the external flange. Torque pins 88a and 88b further 
couple the recess 86a of the end of the lower mandrel 86 to the external flange 74c 
of the upper mandrel 74. During operation, the torque pins 88a and 88b transmit 
torque loads between the recess 86a of the end of the lower mandrel 86 and the 
external flange 74c of the upper mandrel 74. 

An upper cam assembly 90 includes a tubular base 90a for receiving and 
mating with the lower mandrel 86 that includes an extemal flange 90aa, a plurality of 
circumferentiaiiy spaced apart meshing teeth 90b that extend from one end of the 
tubular base in the longitudinal and radial directions for engaging the meshing teeth 
86da of the end face of the external flange 86d of the lower mandrel 86, and a 
plurality of circumferentiaiiy spaced apart cam amis 90c that extend from the other 
end of the tubular base in the opposite longitudinal direction and mate with and 
receive the lower mandrel 86. During operation, the meshing teeth 86da of the end 
face of the extemal flange 86d of the lower mandrel 86 transmit torque loads to the 
meshing teeth 90b of the upper cam assembly 90. Each of the cam arms 90c 
include an inner portion 90ca extending from the tubular base 90a that has arcuate 
cylindrical inner 90caa and outer 90cab surfaces, a tapered intemiediate portion 
extending from the inner portion 90cb that has an arcuate cylindrical inner surface 
90cba and an arcuate conical outer surface 90bbb. and an outer portion 90cc 
extending from the intermediate portion 90cc that has arcuate cylindrical inner 90cca 
and outer surfaces 90ccb. 

A lower cam assembly 92 includes a tubular base 92a for receiving and 
mating with the lower mandrel 86 that includes an extemal flange 92aa, a plurality of 
circumferentiaiiy spaced apart meshing teeth 92b that extend from one end of the 
tubular base in the longitudinal and radial directions, and a plurality of 
circumferentiaiiy spaced apart cam amis 92c that extend from the other end of the 
tubular base in the opposite longitudinal direction and mate with and receive the 
lower mandrel 86. Each of the cam anms 92c include an inner portion 92ca 
extending from the tubular base 92a that has arcuate cylindrical inner 92caa and 
outer 92cab surfaces, a tapered intenmediate portion 92cb extending from the inner 
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portion g2ca that has an arcuate cylindrical inner surface 92cba and an arcuate 
conical outer surface 92cbb, and an outer portion 92cc extending from the 
intermediate portion 92cb that has arcuate cylindrical inner 92cca and outer 92ccb 
surfaces. 

In an exemplary embodiment, the upper and lower cam assemblies. 90 and 
92, are substantially identical. In an exemplary embodiment, the cam arms 90c of 
the upper cam assembly 90 interleave the cam arms 92c of the lower cam 
assembly 92. Furthemfiore, in an exemplary embodiment, the cam arms 90c of the 
upper cam assembly also overlap with the cam arms 92c of the lower cam assembly 
92 in the longitudinal direction thereby pemnitting torque loads to be transmitted 
between the upper and lower cam assemblies. 

A plurality of upper expansion cone segments 96 are interleaved among the 
cam amns 90c of the upper cam assembly 90. Each of the upper expansion cone 
segments 96 include inner portions 96a having arcuate cylindrical inner surfaces 
96aa. and an arcuate cylindrical outer surface 96ab, intennediate portions 96b 
extending from the interior portions that have an arcuate conical inner surface 96ba 
and arcuate cylindrical and spherical outer surfaces, 96bb, and outer portions 96c 
having arcuate cylindrical inner and outer surfaces, 96ca and 96cb. In an exemplary 
embodiment, the outer surfaces 96ab of the inner portions 96a of the upper 
expansion cone segments 96 define hinge grooves 96d that receive and are 
pivotally mounted upon the intemal flange 94d of the upper retaining sleeve 94. 

The arcuate inner cylindrical surfaces of the inner portion 96a mate with and 
receive the lower mandrel 86, the arcuate inner cylindrical surfaces of the inner 
portion 96a also mate with and receive the arcuate cylindrical outer surfaces of the 
outer portions 92cc of the corresponding cam arms 92c of the lower cam assembly 
92, and the arcuate inner conical surfaces 96ba of the inner portion 96a mate with 
and receive the arcuate conical outer surfaces of the intennediate portions 92cb of 
the corresponding cam arms 92c of the lower cam assembly 92. 

A plurality of lower expansion cone segments 98 are interleaved among, and 
overiap, the upper expansion cone segments 96 and the cam amis 90c of the lower 
cam assembly 90. In this manner, torque loads may be transmitted between the 
upper and lower expansion cone segments. 96 and 98. Each of the lower expansion 
cone segments 98 include inner portions 98a having arcuate cylindrical inner 
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surfaces, SSaa, and an arcuate cylindrical outer surface 98ab, intermediate portions 
gSb extending from the interior portions that have an arcuate conical inner surface 
98ba and arcuate cylindrical and spherical outer surfaces, 98bb, and outer portions 
98c having arcuate cylindrical inner and outer surfaces, 98ca and 98cb. In an 
exemplary embodiment* the outer surfaces 98ab of the inner portions 98a of the 
upper expansion cone segments 98 define hinge grooves 98aba that receive and 
are pivotally mounted upon the intemal flange 100d of a lower retaining sleeve 100. 

The arcuate inner cylindrical surfaces 98aa mate with and receive the lower 
mandrel 86, the arcuate inner cylindrical surfaces 98aa also mate with and receive 
the arcuate cylindrical outer surfaces of the outer portions 90cc of the conresponding 
cam arms 90c of the upper cam assembly 90, and the arcuate inner conical surfaces 
98ba mate with and receive the arcuate conical outer surfaces of the intermediate 
portions 90cb of the con-esponding cam amis 90c of the lower cam assembly 90. 

In an exemplary embodiment, the geometries of the upper and lower 
expansion cone segments 96 and 98 are substantially identical. In an exemplary 
embodiment, the upper expansion cone segments 96 are tapered in the longitudinal 
direction from the ends of the intermediate portions 96b to the ends of the outer 
portions 96c, and the lower expansion cone segments 98 are tapered in the 
longitudinal direction from the ends of the intermediate portions 98b to the ends of 
the outer portions 98c. In an exemplary embodiment, when the upper and lower 
expansion segments, 96 and 98, are positioned in a fully expanded position, the 
arcuate cylindrical outer surfaces 96ab of the upper and lower expansion cone 
segments 96 define a contiguous cylindrical surface, the arcuate spherical outer 
surfaces of the upper and lower expansion cone segments, 96bb and 98bb, define a 
contiguous arcuate spherical surface, and the arcuate cylindrical outer surfaces of 
the upper and lower expansion cone segments define a contiguous cylindrical 
surface. 

An end of a lower retaining sleeve 100 defines a passage 100a for receiving 
and mating with the outer circumferential surfaces of the extemal flange 92aa and 
the meshing teeth 92b of the lower cam assembly 92. and an inner annular recess 
100b, and includes an internal flange 100c for retaining the extemal flange of the 
lower cam assembly, and an intemal flange lOOd at one end of the lower retaining 
sleeve that includes a rounded interior end face for mating with corresponding hinge 
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grooves of the lower expansion cone segments 98 thereby pivotally coupling the 
lower expansion cone segments to the lower retaining sleeve. 

In an exemplary embodiment, the arcuate cyiindricai outer surfaces of the 
upper expansion cone segments 96 and the arcuate cylindrical outer surfaces of the 
lower expansion cone segments 98 are aligned with the outer surface of the upper 
retaining sleeve 94. in an exemplary embodiment the arcuate cylindrjcal outer 
surfaces of the upper expansion cone segments 96 and the arcuate cylindrical outer 
surfaces of the lower expansion cone segments are aligned with the outer surface of 
the lower retaining sleeve 100. 

An end of a float shoe adaptor 102 that includes a plurality of circumferentially 
spaced apart meshing teeth 102a for engaging the meshing teeth 92b of the lower 
cam assembly 92 is received within and threadably coupled to an end of the lower 
retaining sleeve 100 that defines a passage 102b at one end for receiving an end of 
the lower mandrel 86, a passage 102c having a reduced inside diameter at another 
end, a plurality of radial passages 102d at the other end, and includes an internal 
flange 102e, and a torsional coupling 102f at the other end that includes a plurality of 
torsional coupling members 102fa. During operation, the meshing teeth 92b of the 
lower cam assembly 92 transmit toque loads to and from the meshing teeth 102a of 
the float shoe adaptor 

An end of a retaining sleeve 104 abuts the end face of the tubular base 92a 
of the lower cam assembly 92 and is received within and mates with the passage 
102b of the float shoe adaptor 102 that defines a passage 104a for receiving an end 
of the lower mandrel 86, a throat passage 104b including a ball valve seat 104c, and 
includes a flange 104d. and another end of the retaining sleeve, having a reduced 
outside diameter, is received within and mates with the passage 102c of the float 
shoe adaptor 102. 

A stop nut 106 receives and is threadably coupled to the end of the lower 
mandrel 86 within the passage 104a of the retaining sleeve 104, and shear pins 108 
releasably couple the stop nut 106 to the retaining sleeve 104. Locking dogs 110 
are positioned within an end of the retaining sleeve 104 that receive and are 
releasably coupled to the lower mandrel 86, and a disc shaped adjustment shim 112 
receives the lower mandrel 86 and is positioned within an end of the retaining sleeve 
104 between the opposing ends of the tubular base 92a of the upper cam assembly 
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92 and the locking dogs 110. Burst discs 1 14 are releasably coupled to and 
positioned within the radial passages 102d of the float shoe adaptor 102. 

An end of a float shoe 116 mates with and is releasably coupled to the 
torsional coupling 102f of the float shoe adaptor 102 that defines a passage 116a 
and a valveable passage 1 16b* In this manner torsional loads may be transmitted 
between the float shoe adaptor 1 02 and the float shoe 1 16. An end of an 
expandable tubular member 14 that surrounds the tubular support member 64, the 
safety collar 66, the upper mandrel collar 70, the upper packer cup 76, the lower 
packer cup 80. the lower mandrel 86, the upper expansion cone segments 96. the 
lower expansion cone segments 98. and the float shoe adaptor 102, is coupled to 
and receives an end of the float shoe 116 and is movably coupled to and supported 
by the arcuate spherical external surfaces, 96bb and 98bb, of the upper and lower 
expansion cone segments, 96 and 98. 

During operation, the apparatus 10 is at least partially positioned within a 
preexisting structure such as, for example, a borehole 12 that traverses a 
subterranean formation that may include a preexisting wellbore casing 18. The 
borehole 12 may be oriented in any position, for example, from vertical to horizontal. 
A fluidic material 38 is then injected into the apparatus 10 through the passages 
64a, 66a, 74a. 86c, 102c, 1 16a, and 1 16b into the annulus between the expandable 
tubular member 14 and the borehole 12. In an exemplary embodiment, the fluidic 
material 104 is a hardenable fluidic sealing material. In this manner, an annular 
sealing layer may be fomied within the annulus between the expandable tubular 
member 14 and the borehole 12, 

As illustrated in Figs. 17a and 17b, a ball 55 is then be positioned within and 
blocking the valveable passage 1 1 6b of the float shoe 1 16 by injecting a fluidic 
material 38 into the apparatus 10 through the passages 64a, 66a. 74a. 86c. and 
102c. As a result, the increased operating pressure within the passage 102c bursts 
open the burst discs 1 14 positioned within the radial passages 102d of the float shoe 
adaptor 102. The continued injection of the fluidic material 38 thereby pressurizes 
the interior of the expandable tubular member 14 below the lower packer cup 80 
thereby displacing the upper and lower expansion cone segments. 96 and 98, 
upwardly relative to the float shoe 1 16 and the expandable tubular member 14. As a 
result, the expandable tubular member 14 is plastically defonned and radially 
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expanded. Thus, the burst discs 1 14 sense the operating pressure of the injected 
fluidic material 38 within the passage 102c and thereby control the initiation of the 
radial expansion and plastic defonnation of the expandable tubular member 14. 

In an exemplary embodiment, any leakage of the pressurized fluidic material 
38 past the lower packer cup 80 is captured and sealed against further leakage by 
the upper packer cup 76. In this manner, the lower packer cup 80 provides the 
primary fluidic seal against the interior surface of the expandable tubular member 
14, and the upper packer cup 76 provides a secondary, back-up, fluidic seal against 
the interior surface of the expandable tubular member. Furthermore, because the 
lower packer cup 80 and/or the upper packer cup 76 provide a fluid tight seal against 
the interior surface of the expandable tubular member 14. the upper and lower 
expansion cone segments, 96 and 98. are pulled upwanjiy through the expandable 
tubular member by the axial forces created by the packer cups. 

In an exemplary embodiment, during the radial expansion process, the 
interface between the arcuate spherical external surfaces, 96bb and 98bb, of the 
upper and lower expansion cone segments, 96 and 98, and the interior surface of 
the expandable tubular member 14 is not fluid tight. As a result, the fluidic material 
38 may provide lubrication to the entire extent of the interface between the 
cylindrical external surfaces, 96bba and 98cb, and the arcuate spherical external 
surfaces, 96bb and 98bb, of the upper and lower expansion cone segments, 96 and 
98, and the interior surface of the expandable tubular member 14. Moreover, 
experimental test results have indicated the unexpected result that the required 
operating pressure of the fluidic material 38 for radial expansion of the expandable 
tubular member 14 is less when the interface between the cylindrical external 
surfaces, 96bba and 98cb. and the arcuate spherical external surfaces. 96bb and 
98bb, of the upper and lower expansion cone segments, 96 and 98. and the Interior 
surface of the expandable tubular member 14 is not fluid tight. Furthermore, 
experimental test results have also demonstrated that the arcuate spherical external 
surface provided by the arcuate spherical external surfeces, gSbb and 98bb, of the 
upper and lower expansion cone segments, 96 and 98, provides radial expansion 
and plastic deformation of the expandable tubular member 14 using lower operating 
pressures versus an expansion cone having a conical outer surface. 

In an exemplary embodiment, as illustrated in Figs. 18a, 18b and 19, the 
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upper and lower expansion cone segments, 96 and 98, may then be adjusted to a 
desired expansion diameter by placing a ball 57 within the ball valve seat 104c of the 
throat passage 104b of the retaining sleeve 104. The continued injection of the 
fiuidic material 38. after the placement of the ball 57 within the ball valve seat 104c, 
creates a differential pressure across the ball 57 thereby applying a downward 
longitudinal force onto the retaining sleeve 104 thereby shearing the shear pins 108. 
As a result, the retaining sleeve 104 is displaced in the downward longitudinal 
direction relative to the float shoe adaptor 102 thereby pemnitting the locking dogs 
1 10 to be displaced outwardly in the radial direction. The outward radial 
displacement of the locking dogs 110 disengages the locking dogs from engagement 
with the lower mandrel 86. Thus, the shear pins 108 sense the operating pressure 
of the injected fiuidic material 38 within the throat passage 104b and thereby 
controlling the initiation of the collapsing of the upper and lower expansion cone 
segments, 96 and 98 to a smaller diameter. 

The continued injection of the fiuidic material 38 continues to displace the 
retaining sleeve 104 in the downward longitudinal direction relative to the float shoe 
adaptor 102 until the extemal flange 104d of the retaining sleeve 104 impacts, and 
applies a downward longitudinal force to. the internal flange 102e of the float shoe 
adaptor. As a result, the float shoe adaptor 102 is then also displaced in the 
downward longitudinal direction relative to the lower mandrel 86. The downward 
longitudinal displacement of the float shoe adaptor 102 relative to the lower mandrel 
86 causes the lower cam assembly 92, the lower expansion cone segments 98. and 
the lower retaining sleeve 100, which are rigidly attached to the float shoe adaptor, 
to also be displaced downwardly in the longitudinal direction relative to the lower 
mandrel 86, the upper cam assembly 90, and the upper expansion cone segments 
96. 

The downward longitudinal displacement of the lower cam assembly 92 
relative to the upper expansion cone segments 96 causes the upper expansion cone 
segments to slide down the conical extemal surfaces 92cbb of the lower cam 
assembly and thereby pivot inwardly in the radial direction about the internal flange 
94d of the upper retaining sleeve 94. The downward longitudinal displacement of 
the lower expansion cone segments 98 relative to the upper cam assembly 90 
causes the lower expansion cone segments 98 to slide down the external conical 
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surfaces 90cbb of the upper cam assembly and thereby pivot inwardly in the radial 
direction about the internal flange 100d of the lower retaining sleeve. As a result of 
the inward radial movement of the upper and lower expansion cone segments, 96 
and 98, the arcuate extemal spherical surfaces, 96bb and dSbb. of the upper and 
lower expansion cone segments, 96 and 98, provide outer arcuate expansion 
surfaces having a smaller diameter. 

The downward longitudinal movement of the retaining sleeve 94 and float 
shoe adaptor 102 relative to the lower mandrel 86 is stopped when the stop nut 106 
impacts the locking dogs 110. At this point, the apparatus 10 may then be removed 
from the interior of the expandable tubular member 14. 

Thus, the apparatus 10 may be removed from the expandable tubular 
member 14 prior to the complete radial expansion and plastic defonDation of the 
expandable tubular member by controllably collapsing the upper and lower 
expansion cone segments, 96 and 98. As a result, the apparatus 10 provides the 
following benefits: (1) the apparatus is removable when expansion problems are 
encountered; (2) lower expansion forces are required because the portion of the 
expandable tubular member 14 between the packer cups, 76 and 80, and the 
expansion cone segments is exposed to the expansion fluid pressure; (3) the 
expansion cone segments can be run down through the expandable tubular 
member, prior to radial expansion, and then the expansion cone segments can be 
expanded; (4) the expansion cone segments can be expanded to one diameter for 
forming a bell portion; and (5) the expansion cone segments can be adjusted to a 
second diameter for expanding the remainder of the expandable tubular member. 

In another exemplary embodiment, as illustrated in Figs. 20a - 20b, upward 
movement of the apparatus 10 causes the expansion cone for the sleeve 60 to 
completely radially expand the sleeve 62 of the float shoe 32 and a cementing probe 
118 is pulled downward until stopped from further movement by the cementing 
probe locking ring 119. As a result of the complete radial expansion of the sleeve, 
the float shoe is now firmly coupled to the end of the radially expanded tubular 
member. 

In an exemplary embodiment, as illustrated in Figs. 21a >21b, the drill pipe 30 
is lowered into the wellbore 12 until the cementing probe 118 stabs into the end 120 
of the sliding sleeve valve 122 thereby permitting fluidic materials 38 to bypass 
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around the dart or ball 52. As a result, a bypass flow path 124 is now provided for 
cement or other fluidic materials 38 to flow around the ball 52 or dart. 

In an exemplary embodiment, as illustrated in Figs. 22a -22b, a hardenable 
fluidic sealing material 38 such as. for example, cement, may then be injected into 
the apparatus 10. The cement flows through the interior of the apparatus, through 
the bypass flow path 124. and out through the float valve 126 into the annulus 128 
between the radially expanded tubular member 22 and the wellbore 12. After the 
cement 38 has been injected into the annulus128, the float valve 126 prevents the 
cement from flowing backwards into the apparatus. 

After completing the injection of the cement into the annulus. the drilling pipe 
30 is then pulled upwardly out of the wellbore 12 thereby causing the cementing 
probe 118 to close the sliding sleeve valve 122. The radial expansion and plastic 
deformation of the expandable tubular member 14 may then be continued by the 
resumed injection of fluidic material 38 into the apparatus 10. In several alternative 
embodiments, the continued radial expansion and plastic deformation of the 
expandable tubular member 14 may be provided by pressurizing the interior of the 
apparatus 10 below the expansion cone 24 and/or by displacing the expansion cone 
24 upwardly using the hydraulic actuator 36. 

After the cement has cured, the float collar 32 may be drilled out and another 
expandable tubular member may then be radially expanded and plastically deformed 
within the wellbore with the upper end of the other tubular member overlapping with 
the lower end of the earlier expanded tubular member. In this manner, a mono 
diameter wellbore casing may be fomied that includes a plurality of radially 
expanded tubular members. 

In several alternative embodiments, Guiberson"*^" cup seals may be added 
above the expansion cone that provide a fluid tight seal between the drill pipe and 
the interior surface of the expandable tubular member. In this manner, in the 
alternative embodiment, the fluid pressure below the cup seals pulls the expansion 
cone upwardly through the expandable tubular member. 

In several alternative embodiments, the expandable adjustable expansion 
cone assembly having two adjustable expansion diameters may be replaced with 
two separate adjustable cones one adjustable to a diameter corresponding to the 
desired bell portion diameter, and the other adjustable to a diameter corresponding 
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to the desired diameter of the mono diameter casing. 

In several alternative embodiments, the expandable adjustable expansion 
cone assembly having two adjustable expansion diameters may be replaced with an 
adjustable cone that is adjustable to a diameter corresponding to the desired bell 
portion diameter, and a non-adjustable cone having a fixed diameter conresponding 
to the desired diameter of the mono diameter casing. 

In several alternative embodiments, a conventional rotary expansion device, a 
conventional compliant expansion device, and/or a conventional hydrofontiing 
expansion device may used instead of, or in combination with, the expansion cone 
assembly 16. 

In several alternative embodiments, one or more of the conventional 
commercially available expansion devices available from Weatherford Intemational, 
Baker Hughes, Halliburton Energy Services, Schlumberger, and/or Enventure Global 
Technology may be used instead of, or in combination with, the expansion cone 
assembly 16. 

There has been disclosed in the several embodiments, an apparatus for 
radially expanding and plastically deforming an expandable tubular member from an 
initial inside diameter to a desired diameter of a mono diameter wellbore casing. 
The apparatus includes an upper tubular support member defining a first passage, 
one or more cup seals coupled to the exterior surface of the upper tubular support 
member for sealing an interface between the upper tubular support member and the 
expandable tubular member, an expansion cone assembly coupled to the upper 
tubular support member adjustable to one expansion diameter corresponding to the 
desired diameter of the bell portion of the wellbore casing for forming an expanded 
bell portion in the expandable tubular member and adjustable to another expansion 
diameter corresponding to the desired diameter of the mono diameter casing for 
forming the mono diameter wellbore casing, means for actuating the expandable 
tubular member to adjust from the one diameter to the other diameter, and an 
actuator for moving the cone through the expandable tubular member a desired 
distance with the expansion cone assembly adjusted to the diameter of the bell 
portion and for moving the expansion cone assembly through the expandable 
tubular member for another distance with the expansion cone assembly adjusted to 
the desired diameter of the mono diameter portion of the expandable tubular 
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member. 

In one embodiment the expansion cone assembly includes one adjustable 
cone having an extemal surface adjustable to the diameter of the bell portion of the 
expandable tubular member, and wherein the extemal surface of the one adjustable 
cone is also adjustable to the diameter corresponding to the desired diameter of the 
mono diameter wellbore casing. 

In another embodiment the expansion cone assembly includes a first 
adjustable cone having an extemal surface adjustable to the diameter of the bell 
portion of the expandable tubular member and a second adjustable cone having an 
external surface adjustable to the diameter corresponding to the desired diameter of 
the mono diameter wellbore casing. 

In another embodiment the expansion cone assembly includes a first 
adjustable cone having an external surface adjustable to the diameter of the bell 
portion of the expandable tubular member and collapsible after expanding the bell 
portion and a second cone having a fixed diameter corresponding to the desired 
diameter of the mono diameter wellbore casing such that collapsing the first cone 
effectively adjusts the effective expansion diameter to the fixed diameter of the 
second cone. 

In another embodiment the expansion cone assembly includes an upper cam 
assembly coupled to the upper tubular support meml>er includes a tubular base 
coupled to the upper tubular support member; and a plurality of cam amns extending 
from the tubular base in a downward longitudinal direction, each cam arm defining 
an inclined surface, a plurality of upper expansion cone segments interleaved with 
the cam arms of the upper cam assembly and pivotally coupled to the tubular 
support member, and each upper expansion segment movable relative to the 
inclined surface of one of the plurality of cam arms to adjust the radial position of an 
eternal surface of the segment to adjust the diameter of the expansion cone 
assembly, a lower tubular support member defining a second passage fluidicly 
coupled to the first passage releasably coupled to the upper tubular support 
member, a lower cam assembly coupled to the lower tubular support member 
including a tubular base coupled to the lower tubular support member and a plurality 
of cam arms extending from the tubular base in an upward longitudinal direction, 
each cam ann defining an inclined surface that mates with the inclined surface of a 
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corresponding one of the upper expansion cone segments, wherein the cams arms 
of the upper cam assembly are interleaved with and overlap the cam amis of the 
lower cam assembly; and a plurality of lower expansion cone segments interleaved 
with cam amns of the lower cam assembly, each lower expansion cone segment 
pivotally coupled to the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam amis of the upper cam assembly and 
each lower expansion segment movable relative to the inclined surface of one of 
the plurality of cam amns to adjust the radial position of an eternal surface of the 
segment to adjust the diameter of the expansion cone assembly, wherein the lower 
expansion cone segments interleave and overlap the upper expansion cone 
segments and wherein the upper and lower expansion cone segments each 
approximate an arcuate spherical external surface for plastically deforming and 
radially expanding the expandable tubular member 

In another embodiment, an apparatus for radially expanding and plastically 
defomiing an expandable tubular member, is disclosed including a tubular support 
member, a adjustable expansion cone assembly coupled to the tubular support 
member, an expandable tubular member coupled to the adjustable expansion cone 
assembly, means for displacing the adjustable expansion cone assembly relative to 
the expandable tubular member and means for adjusting the adjustable expansion 
cone assembly from one effective expansion diameter to another effective 
expansion diameter. 

In another embodiment the tubular support member includes an upper tubular 
support member comprising an internal flange and a lower tubular support member 
comprising an internal flange, wherein the expansion cone includes an upper cam 
assembly coupled to the upper tubular support member including a tubular base 
coupled to the upper support member and a plurality of cam amns extending from 
the tubular base in a downward longitudinal direction, each cam arm defining an 
inclined surface, a plurality of upper expansion cone segments interleaved with the 
cam arms of the upper cam assembly and pivotally coupled to the internal flange of 
the upper tubular support member, a lower cam assembly coupled to the lower 
tubular support member including a tubular base coupled to the lower tubular 
support member and a plurality of cam arms extending from the tubular base in an 
upward longitudinal direction, each cam ami defining an inclined surface that mates 
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vyrith the inclined surface of a conresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly are interleaved with 
and overlap the cam arms of the lower cam assembly and a plurality of lower 
expansion cone segments interleaved with cam anms of the lower cam assembly, 
each lower expansion cone segment pivotally coupled to the internal flange of the 
lower tubular support member and mating with the inclined surfece of a 
corresponding one of the cam amns of the upper cam assembly; and wherein the 
apparatus further includes means for releasably coupling the upper tubular support 
member to the lower tubular support member and means for limiting movement of 
the upper tubular support member relative to the lower tubular support member. 

In one altemative embodiment the apparatus for radially expanding and 
plastically defomiing an expandable tubular member further includes means for 
pivoting the upper expansion cone segments and means for pivoting the lower 
expansion cone segments. 

In one altemative embodiment the apparatus for radially expanding and 
plastically defomiing an expandable tubular member further includes means for 
pulling the adjustable expansion cone assembly through the expandable tubular 
member. 

A adjustable expansion cone assembly is disclosed, that includes an upper 
cam assembly including a tubular base and a plurality of cam amis extending from 
the tubular base in a downward longitudinal direction, each cam arm defining an 
inclined surface, a plurality of upper expansion cone segments interleaved with the 
cam arms of the upper cam assembly, a lower cam assembly including a tubular 
base and a plurality of cam amis extending from the tubular base in an upward 
longitudinal direction, each cam arm defining an inclined surface that mates with the 
inclined surface of a corresponding one of the upper expansion cone segments, 
wherein the cam arms of the upper cam assembly are interleaved with and overlap 
the cam arms of the lower cam assembly, a plurality of lower expansion cone 
segments interleaved with cam arms of the lower cam assembly, each lower 
expansion cone segment mating with the inclined surface of a corresponding one of 
the cam arms of the upper cam assembly, means for moving the upper cam 
assembly toward or away from the lower expansion cone segments to adjust the 
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radial position of an external surface of the lower expansion cone segments, and 
means for moving the lower cam assembly toward or away from the upper 
expansion cone segments to adjust the radial position of an external surface of the 
upper expansion cone segments. 

in one embodiment of the adjustable expansion cone assembly, the upper 
and lower expansion cone segments together approximate an arcuate spherical 
external surface. 

In one embodiment of the adjustable expansion cone assembly, each upper 
expansion cone segment comprises an inner portion defining an arcuate cylindrical 
upper surface and arcuate cylindrical lower surfaces, an intermediate portion 
defining arcuate cylindrical and spherical upper surfaces and an arcuate conical 
lower surface and an outer portion defining arcuate cylindrical upper and lower 
surfaces, and wherein each lower expansion cone segment include an inner portion 
defining an arcuate cylindrical upper surface and arcuate cylindrical lower surfaces, 
an intermediate portion defining arcuate cylindrical and spherical upper surfaces and 
an arcuate conical lower surface and an outer portion defining arcuate cylindrical 
upper and lower surfaces. 

In one embodiment of the adjustable expansion cone assembly, each upper 
expansion cone segment is tapered in the longitudinal direction from the 
intennediate portion to the outer portion and each lower expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer 
portion. 

An embodiment of an apparatus for radially expanding and plastically 
defomning an expandable tubular member from an initial inside diameter to a desired 
diameter of a mono diameter wellbore casing is disclosed, including an upper tubular 
support member defining a first passage, one or more cup seals coupled to the 
exterior surface of the upper tubular support member for sealing an interface 
between the upper tubular support member and the expandable tubular member, 
an expansion assembly coupled to the upper tubular support member adjustable to 
one expansion diameter conresponding to the desired diameter of the bell portion of 
the wellbore casing for fomriing an expanded bell portion in the expandable tubular 
member and adjustable to another expansion diameter corresponding to the desired 
diameter of the mono diameter casing for forming the mono diameter wellbore 
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casing, means for actuating the expandable tubular member to adjust from the one 
diameter to the other diameter and an actuator for moving the expansion assembly 
through the expandable tubular member a desired distance with the expansion 
assembly adjusted to the diameter of the bell portion and for moving the expansion 
assembly through the expandable tubular member for another distance with the 
expansion assembly adjusted to the desired diameter of the mono diameter portion 
of the expandable tubular member. 

According to one alternative embodiment of an apparatus for radially 
expanding and plastically deforming an expandable tubular member from an initial 
inside diameter to a desired diameter of a mono diameter wellbore casing, the 
expansion assembly includes an expansion cone device. 

According to another altemative embodiment of an apparatus for radially 
expanding and plastically defonning an expandable tubular member from an initial 
inside diameter to a desired diameter of a mono diameter wellbore casing, the 
expansion assembly comprises a rotary expansion device. 

According to another altemative embodiment of an apparatus for radially 
expanding and plastically deforming an expandable tubular member from an initial 
inside diameter to a desired diameter of a mono diameter wellbore casing, the 
expansion assembly comprises compliant expansion device. 

According to another alternative embodiment of an apparatus for radially 
expanding and plastically deforming an expandable tubular member from an initial 
inside diameter to a desired diameter of a mono diameter wellbore casing, the 
expansion assembly comprises a hydroforming expansion device. 

According to another alternative embodiment of an apparatus for radially 
expanding and plastically deforming an expandable tubular member from an initial 
inside diameter to a desired diameter of a mono diameter wellbore casing, the 
expansion assembly comprises an adjustable expander device that is adjustable to 
the diameter of the bell portion of the expandable tubular member and wherein 
the one adjustable expander device is also adjustable to the diameter corresponding 
to the desired diameter of the mono diameter wellbore casing. 

According to another alternative embodiment of an apparatus for radially 
expanding and plastically deforming an expandable tubular member from an initial 
inside diameter to a desired diameter of a mono diameter wellbore casing, the 
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expansion assembly connprises an adjustable expander device that is adjustable to 
the diameter of the bell portion of the expandable tubular member and wherein 
the one adjustable expander device is also adjustable to the diameter corresponding 
to the desired diameter of the mono diameter wellbore casing and wherein the 
adjustable expander device comprises an adjustable expansion cone device 

According to another attemative embodiment of an apparatus for radially 
expanding and plastically defonning an expandable tubular member from an initial 
inside diameter to a desired diameter of a mono diameter wellbore casing, the 
expansion assembly comprises an adjustable expander device that is adjustable to 
the diameter of the bell portion of the expandable tubular member and wherein 
the one adjustable expander device is also adjustable to the diameter con-esponding 
to the desired diameter of the mono diameter wellbore casing and wherein the 
adjustable expander device includes an adjustable rotary expansion device. 

According to another alternative embodiment of an apparatus for radially 
expanding and plastically deforming an expandable tubular member from an initial 
inside diameter to a desired diameter of a mono diameter wellbore casing, the 
expansion assembly comprises an adjustable expander device that is adjustable to 
the diameter of the bell portion of the expandable tubular member and wherein 
the one adjustable expander device is also adjustable to the diameter con^esponding 
to the desired diameter of the mono diameter wellbore casing and wherein the 
adjustable expander device includes an adjustable compliant expansion device. 

According to another alternative embodiment of an apparatus for radially 
expanding and plastically deforming an expandable tubular member from an initial 
inside diameter to a desired diameter of a mono diameter wellbore casing, the 
expansion assembly comprises an adjustable expander device that is adjustable to 
the diameter of the bell portion of the expandable tubular member and wherein 
the one adjustable expander device is also adjustable to the diameter corresponding 
to the desired diameter of the mono diameter wellbore casing and wherein the 
adjustable expander device includes an adjustable hydroforming expansion device. 

According to another alternative embodiment of an apparatus for radially 
expanding and plastically deforming an expandable tubular member from an initial 
inside diameter to a desired diameter of a mono diameter wellbore casing, wherein 
the expansion assembly includes a first adjustable expander device adjustable to the 
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diameter of the bell portion of the expandable tubular member and second 
adjustable expander device adjustable to the diameter conresponding to the desired 
diameter of the mono diameter wellbore casing. 

According to another alternative embodiment of an apparatus for radially 
expanding and plastically defonmlng an expandable tubular member from an initial 
inside diameter to a desired diameter of a mono diameter wellbore casing, , wherein 
the expansion assembly includes a first adjustable expander device adjustable to the 
diameter of the bell portion of the expandable tubular member and collapsible after 
expanding the bell portion and a second expander device having a fixed diameter 
corresponding to the desired diameter of the mono diameter wellbore casing such 
that collapsing the first adjustable expander device effectively adjusts the effective 
expansion diameter to the fixed diameter of the second expander device. 

A method of forming a mono diameter casing in a wellbore is disclosed, 
including supporting a first expandable tubular member in the wellbore using a 
tubular support member and an adjustable expansion assembly having a first 
diameter smaller than the inside diameter of the expandable tubular member 
injecting a fluidic material into the tubular support member, sensing the operating 
pressure of the injected fluidic material within a first interior portion of the tubular 
support member, displacing the adjustable expansion assembly relative to the 
expandable tubular member and into the wellbore when the sensed operating 
pressure of the injected fluidic material exceeds a predetermined level within the first 
interior portion of the tubular support member, sensing the operating pressure of the 
injected fluidic material within a second interior portion of the tubular support 
member, adjusting the effective expansion diameter of the adjustable expansion 
assembly to a second diameter larger than the inside diameter of the expandable 
tubular member when the sensed operafing pressure of the injected fluidic material 
exceeds a predetenmined level within the second interior portion of the tubular 
support member, moving the adjustable expansion assembly having the second 
diameter a predetermined distance into the expandable tubular member to radially 
expand and plastically defomi a first portion of the expandable tubular member, 
activating the effective expansion diameter of the adjustable expansion assembly to 
adjust to a second diameter smaller than the first effective expansion diameter and 
moving the adjustable expansion assembly through the expandable tubular member 
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when the adjustable expansion assembly is adjusted to the third diameter, to thereby 
radially expand and plastically defomn the remaining portion of the expandable 
tubular member 

In an alternative embodiment, the method of fomning a mono diameter 
wellbore casing as in the paragraph above that further includes supporting a second 
expandable tubular member in the wellbore using a tubular support member and an 
adjustable expansion assembly having a first diameter smaller than the inside 
diameter of the expandable tubular member, positioning the second expandable 
tubular member in the expanded first expandable tubular member with the first 
portion thereof overlapping the second expandable tubular member, injecting a 
fluidic material into the tubular support member, sensing the operating pressure of 
the injected fluidic material within a first interior portion of the tubular support 
member, displacing the adjustable expansion assembly relative to the second 
expandable tubular member and into the wellbore when the sensed operating 
pressure of the injected fluidic material exceeds a predetermined level within the first 
interior portion of the tubular support member, sensing the operating pressure of the 
injected fluidic material within a second interior portion of the tubular support 
member, adjusting the effective expansion diameter of the adjustable expansion 
assembly to the second diameter when the sensed operating pressure of the 
injected fluidic material exceeds a predetermined level within the second interior 
portion of the tubular support member, moving the adjustable expansion assembly 
having the second diameter a predetermined distance into the second expandable 
tubular member to radially expand and plastically deform a first portion of the second 
expandable tubular member below the first portion of the first expandable tubular 
member, activating the effective expansion diameter of the adjustable expansion 
assembly to adjust to the second diameter and moving the adjustable expansion 
assembly through the second expandable tubular member and past the portion 
overlapping with the first expandable tubular member when the adjustable 
expansion assembly is adjusted to the third diameter, and to thereby radially expand 
and plastically deform a second portion of the second expandable tubular member 
to the same diameter as the expanded remaining portion of the first expandable 
tubular member. 

In an alternative embodiment the method includes expanding the expandable 
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tubular member using an adjustable expansion cone device 

In an alternative embodiment the method includes expanding the expandable 
tubular member using an adjustable a rotary expansion device. 

In an alternative embodiment the method includes expanding the expandable 
tubular member using an adjustable compliant expansion device. 

In an alternative embodiment the method includes expanding the expandable 
tubular member using an adjustable hydrofonning expansion device. 

In an alternative embodiment a method of a casing in a wellbore, includes 
inserting an expandable tubular member into the wellbore. radially expanding and 
plastically defomning a lower portion of the expandable tubular member to a first 
inside diameter; and radially expanding and plastically defomning an upper portion of 
the expandable tubular member to a second inside diameter, wherein the first inside 
diameter is larger than the second inside diameter. 

In an alternative embodiment the method of forming a casing in a wellbore, as 
described in the preceding paragraph, further includes inserting a second 
expandable tubular member into the expanded expandable tubular member so that 
a top portion of the second expandable tubular member is overlapped by the 
expanded lower portion of the expanded expandable tubular member and expanding 
the top portion of the second expandable tubular member to the second diameter of 
so that the top portion of the second expandable tubular member is expanded 
radially outward in the lower portion of the expanded expandable tubular member. 

In an alternative embodiment of the method of forming a casing in a wellbore, 
expanding the lower and upper portions of the expandable tubular members 
includes expanding using an expansion cone device. 

In an alternative embodiment of the method of forming a casing in a wellbore, 
expanding the lower and upper portions of the expandable tubular members 
includes expanding using a rotary expansion device. 

In an alternative embodiment of the method of forming a casing in a wellbore. 
expanding the lower and upper portions of the expandable tubular members 
includes expanding using a compliant expansion device. 

In an alternative embodiment of the method of forming a casing in a wellbore. 
expanding the lower and upper portions of the expandable tubular members 
includes expanding using a hydroforming expansion device. 


32 


wo nmnmios 


PCTAJS200J/029859 


An alternative embodiment of tlie method of fbmning a mono diameter casing 
in a wellbore includes supporting a first expandable tubular member in the wellbore 
using a tubular support member and an adjustable expansion cone assembly having 
a first diameter smaller than the inside diameter of the expandable tubular member, 
injecting a fluidic material into the tubular support member, sensing the operating 
pressure of the injected fluidic material within a first interior portion of the tubular 
support member, displacing the adjustable expansion cone assembly relative to the 
expandable tubular member and into the wellbore when the sensed operating 
pressure of the injected fluidic material exceeds a predetermined level within the first 
interior portion of the tubular support member, sensing the operating pressure of the 
injected fluidic material within a second interior portion of the tubular support 
member, adjusting the effective expansion diameter of the adjustable expansion 
cone assembly to a second diameter larger than the inside diameter of the 
expandable tubular member when the sensed operating pressure of the injected 
fluidic material exceeds a predetermined level within the second interior portion of 
the tubular support member, moving the adjustable expansion cone assembly 
having the second diameter a predetermined distance into the expandable tubular 
member to radially expand and plastically deform a first portion of the expandable 
tubular member, activating the effective expansion diameter of the adjustable 
expansion cone assembly to adjust to a second diameter smaller than the first 
effective expansion diameter and moving the adjustable expansion cone assembly 
through the expandable tubular member when the adjustable expansion cone 
assembly is adjusted to the third diameter, to thereby radially expand and plastically 
deform the remaining portion of the expandable tubular member 

In an alternative embodiment of the method of fonning a mono diameter 
casing (n a wellbore, as described in the preceding paragraph, further includes 
supporting a second expandable tubular member in the wellbore using a tubular 
support member and an adjustable expansion cone assembly having a first diameter 
smaller than the inside diameter of the expandable tubular member, positioning the 
second expandable tubular member in the expanded first expandable tubular 
member with the first portion thereof overiapping the second expandable tubular 
member, injecting a fluidic material into the tubular support member, sensing the 
operating pressure of the injected fluidic material within a first interior portion of the 
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tubular support member, displacing the adjustable expansion cone assembly relative 
to the second expandable tubular member and into the wellbore when the sensed 
operating pressure of the injected fluidic material exceeds a predetermined level 
WAhltx the first interior portion of the tubular support member, sensing the operating 
pressure of the injected fluidic material within a second interior portion of the tubular 
support member, adjusting the effective expansion diameter of the adjustable 
expansion cone assembly to the second diameter when the sensed operating 
pressure of the injected fluidic material exceeds a predetemnined level within the 
second interior portion of the tubular support member, moving the adjustable 
expansion cone assembly having the second diameter a predetermined distance 
into the second expandable tubular member to radially expand and plastically 
deform a first portion of the second expandable tubular member below the first 
portion of the first expandable tubular member, activating the effective expansion 
diameter of the adjustable expansion cone assembly to adjust to the second 
diameter and moving the adjustable expansion cone assembly through the second 
expandable tubular member and past the portion overiapping with the first 
expandable tubular member when the adjustable expansion cone assembly is 
adjusted to the third diameter, and to thereby radially expand and plastically deform 
a second portion of the second expandable tubular member to the same diameter 
as the expanded remaining portion of the first expandable tubular member. 

It is understood that variations may be made in the foregoing without 
departing from the scope of the invention. For example, the teachings of the present 
illustrative embodiments may be used to provide a wellbore casing, a pipeline, or a 
structural support. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
may be employed without a corresponding use of the other features. Accordingly, it 
is appropriate that the appended claims be construed broadly and in a manner 
consistent with the scope of the invention. 
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Claims 

What is claimed is: 

1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member from an initial inside diameter to a desired diameter of a mono 
diameter wellbore casing, comprising: 

an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular 
support member and the expandable tubular member; 

an expansion cone assembly coupled to the upper tubular support member 
adjustable to one expansion diameter corresponding to the desired 
diameter of the bell portion of the wellbore casing for forming an 
expanded bell portion in the expandable tubular member and 
adjustable to another expansion diameter corresponding to the desired 
diameter of the mono diameter casing for forming the mono diameter 
wellbore casing; 

means for actuating the expandable tubular member to adjust from the one 
diameter to the other diameter; and 

an actuator for moving the cone through the expandable tubular member a 
desired distance with the expansion cone assembly adjusted to the 
diameter of the bell portion and for moving the expansion cone 
assembly through the expandable tubular member for another distance 
with the expansion cone assembly adjusted to the desired diameter of 
the mono diameter portion of the expandable tubular member. 

2. The apparatus of claim 1 , wherein 

the expansion cone assembly comprises a one adjustable cone having at) 

external surface adjustable to the diameter of the bell portion of the 

expandable tubular member; and wherein 
the external surface of the one adjustable cone is also adjustable to the 

diameter corresponding to the desired diameter of the mono diameter 

wellbore casing. 
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The apparatus of claim 1. wherein the expansion cone assembly comprises: 
a first adjustable cone having an extemal surface adjustable to the diameter 

of the bell portion of the expandable tubular member; and 
a second adjustable cone having an external surface adjustable to the 

diameter corresponding to the desired diameter of the mono diameter 

welibore casing. 

The apparatus of claim 1, wherein the expansion cone assembly comprises: 
a first adjustable cone having an external surface adjustable to the diameter 

of the bell portion of the expandable tubular member and collapsible 

after expanding the bell portion; and 
a second cone having a fixed diameter corresponding to the desired diameter 

of the mono diameter welibore casing such that collapsing the first 

cone effectively adjusts the effective expansion diameter to the fixed 

diameter of the second cone. 

The apparatus of claim 1 , wherein the expansion cone assembly comprises: 
an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper tubular support memben and 

a plurality of cam amis extending from the tubular base in a downward 

longitudinal direction, each cam arm defining an inclined 

surface; 

a plurality of upper expansion cone segments interleaved with the cam arms 
of the upper cam assembly and pivotally coupled to the tubular support 
member, and each upper expansion segment movable relative to the 
inclined surface of one of the plurality of cam arms to adjust the radial 
position of an eternal surface of the segment to adjust the diameter of 
the expansion cone assembly; 

a lower tubular support member defining a second passage fiuidicly coupled 
to the first passage releasably coupled to the upper tubular support 
member; 
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a lower cam assembly coupled to the lower tubular support member 
comprising: 

a tubular base coupled to the lower tubular support member; and 
a plurality of cam amis extending from the tubular base in an upward 
longitudinal direction, each cam arm defining an inclined surface 
that mates with the inclined surfoce of a corresponding one of 
the upper expansion cone segments: 
wherein the cams amis of the upper cam assembly are interleaved 
with and overlap the cam arms of the lower cam assembly; and 
a plurality of lower expansion cone segments interleaved with cam arms of 
the lower cam assembly, each lower expansion cone segment pivotally 
coupled to the lower tubular support member and mating with the 
inclined surface of a corresponding one of the cam amis of the upper 
cam assembly and each lower expansion segment movable relative 
to the inclined surface of one of the plurality of cam arms to adjust the 
radial position of an eternal surface of the segment to adjust the 
diameter of the expansion cone assembly; 

wherein the lower expansion cone segments interleave and 

overlap the upper expansion cone segments; and 
wherein the upper and lower expansion cone segments each 

approximate an arcuate spherical external surface 
for plastically deforming and radially expanding the 
expandable tubular member. 

6. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

a tubular support member; 

a adjustable expansion cone assembly coupled to the tubular support 
member; 

an expandable tubular member coupled to the adjustable expansion cone 
assembly; 

means for displacing the adjustable expansion cone assembly relative to the 
expandable tubular member, and 
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means for adjusting the adjustable expansion cone assembly from one 

effective expansion diameter to another effective expansion diameter. 

7. The apparatus of claim 6, wherein the tubular support member comprises an 
upper tubular support member comprising an internal flange and a lower tubular 
support member comprising an internal flange; wherein the expansion cone 
comprises: 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member, and 

a plurality of cam amns extending from the tubular base in a downward 

longitudinal direction, each cam anm defining an inclined 

surface; 

a plurality of upper expansion cone segments interieaved with the cam arms 
of the upper cam assembly and pivotally coupled to the internal flange 
of the upper tubular support member; 

a lower cam assembly coupled to the lower tubular support member 
comprising: 

a tubular base coupled to the lower tubular support member; and 

a plurality of cam arms extending from the tubular base in an upward 
longitudinal direction, each cam ami defining an inclined surface 
that mates with the inclined surface of a conresponding one of 
the upper expansion cone segments; 

wherein the cams anris of the upper cam assembly are interleaved 

with and overiap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interieaved with cam 
arms of the lower cam assembly, each lower expansion cone 
segment pivotally coupled to the internal flange of the lower 
tubular support member and mating with the inclined surface of 
a corresponding one of the cam arms of the upper cam 
assembly; and wherein the apparatus further comprises: 
means for releasably coupling the upper tubular support member to the lower 

tubular support member; and 
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means for limiting movement of the upper tubular support member relative to 
the lower tubular support member. 

The apparatus of claim 6, further comprising: 

means for pivoting the upper expansion cone segments; and 

means for pivoting the lower expansion cone segments. 

The apparatus of claim 6, further comprising: 
means for pulling the adjustable expansion cone assembly through the 
expandable tubular member. 

A adjustable expansion cone assembly, comprising: 
an upper cam assembly comprising: 
a tubular base; and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined 
surface; 

a plurality of upper expansion cone segments interleaved with the cam arms 

of the upper cam assembly; 
a lower cam assembly comprising: 

a tubular base; and 

a plurality of cam arms extending from the tubular base in an upward 
longitudinal direction, each cam arm defining an inclined surface 
that mates with the inclined surface of a conresponding one of 
the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved 
with and overlap the cam arms of the lower cam assembly; 
a plurality of lower expansion cone segments interteaved with cam arms of 

the lower cam assembly, each lower expansion cone segment mating 

with the inclined surface of a corresponding one of the cam arms of the 

upper cam assembly; 
means for moving the upper cam assembly toward or away from the lower 

expansion cone segments to adjust the radial position of an external 
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surface of the lower expansion cone segments; and 
means for moving the lower cam assembly toward or away from the upper 
expansion cone segments to adjust the radial position of an external 
surface of the upper expansion cone segments. 

1 1 . The apparatus of claim 1 0, wherein the upper and lower expansion cone 
segments together approximate an arcuate spherical external surface. 

12. The apparatus of claim 10, wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 

cylindrical lower surfaces; 
an intermediate portion defining arcuate cylindrical and spherical upper 

surfaces and an arcuate conical lower surface; and 
an outer portion defining arcuate cylindrical upper and lower surfaces; and 
wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface and 
arcuate cylindrical lower suri'aces; 

an intermediate portion defining arcuate cylindrical and spherical upper 
surfaces and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

13. The apparatus of claim 12, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intemiediate portion to the outer 
portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion, 

14. An apparatus for radially expanding and plastically defonning an expandable 
tubular member from an initial inside diameter to a desired diameter of a mono 
diameter wellbore casing, comprising: 

an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
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support member for sealing an interface between the upper tubular 
support member and the expandable tubular member; 
an expansion assembly coupled to the upper tubular support member 

adjustable to one expansion diameter conresponding to the desired 
diameter of the bell portion of the wellbore casing for fomiing an 
expanded bell portion in the expandable tubular member and 
adjustable to another expansion diameter con^esponding to the desired 
diameter of the mono diameter casing for forming the mono diameter 
wellbore casing; 

means for actuating the expandable tubular member to adjust from the one 
diameter to the other diameter, and 

an actuator for moving the expansion assembly through the expandable 
tubular member a desired distance with the expansion assembly 
adjusted to the diameter of the bell portion and for moving the 
expansion assembly through the expandable tubular member for 
another distance with the expansion assembly adjusted to the desired 
diameter of the mono diameter portion of the expandable tubular 
member 

15. The apparatus of claim 14. wherein the expansion assembly comprises a 
expansion cone device 

16. The apparatus of claim 14. wherein the expansion assembly comprises a 
rotary expansion device. 

17. The apparatus of claim 14, wherein the expansion assembly comprises 
compliant expansion device. 

18. The apparatus of claim 14, wherein the expansion assembly comprises a 
hydrofooning expansion device. 

19. The apparatus of claim 14, wherein: 

the expansion assembly comprises an adjustable expander device having 
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adjustable to the diameter of the bell portion of the expandable tubular 
member; and wherein 
the one adjustable expander device is also adjustable to the diameter 

corresponding to the desired diameter of the mono diameter wellbore 
casing. 

20. The apparatus of claim 1 9. wherein the adjustable expander device 
comprises an adjustable expansion cone device 

21 . The apparatus of claim 1 9, wherein the adjustable expander device 
comprises an adjustable rotary expansion device. 

22. The apparatus of claim 1 9, wherein the adjustable expander device 
comprises an adjustable compliant expansion device. 

23. The apparatus of claim 1 9, wherein the adjustable expander device 
comprises an adjustable hydroforming expansion device. 

25. The apparatus of claim 14, wherein the expansion assembly comprises: 
a first adjustable expander device adjustable to the diameter of the bell 

portion of the expandable tubular member; and 
a second adjustable expander device adjustable to the diameter 

con^esponding to the desired diameter of the mono diameter wellbore 
casing. 

26. The apparatus of claim 14, wherein the expansion assembly comprises: 
a first adjustable expander device adjustable to the diameter of the bell 

portion of the expandable tubular member and collapsible after 
expanding the bell portion; and 
a second expander device having a fixed diameter corresponding to the 
desired diameter of the mono diameter wellbore casing such that 
collapsing the first adjustable expander device effectively adjusts the 
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effective expansion diameter to the fixed diameter of the second 
expander device. 

A method of forming a mono diameter casing in a wellbore, comprising: 
supporting a first expandable tubular member in the wellbore using a tubular 
support member and an adjustable expansion assembly having a first 
diameter smaller than the inside diameter of the expandable tubular 
member; 

injecting a fluidic material into the tubular support member; 

sensing the operating pressure of the injected fluidic material within a first 
interior portion of the tubular support member; 

displacing the adjustable expansion assembly relative to the expandable 
tubular member and into the wellbore when the sensed operating 
pressure of the injected fluidic material exceeds a predetermined level 
within the first interior portion of the tubular support member; 

sensing the operating pressure of the injected fluidic material within a second 
interior portion of the tubular support member, 

adjusting the effective expansion diameter of the adjustable expansion 

assembly to a second diameter larger than the inside diameter of the 
expandable tubular member when the sensed operating pressure of 
the injected fluidic material exceeds a predetemnined level within the 
second interior portion of the tubular support member; 

moving the adjustable expansion assembly having the second diameter a 
predetermined distance into the expandable tubular member to 
radially expand and plastically deform a first portion of the expandable 
tubular member; 

activating the effective expansion diameter of the adjustable expansion 

assembly to adjust to a second diameter smaller than the first effective 
expansion diameter; and 

moving the adjustable expansion assembly through the expandable tubular 
member when the adjustable expansion assembly is adjusted to the 
third diameter, to thereby radially expand and plastically deform the 
remaining portion of the expandable tubular member. 
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28. The method of forming a mono diameter wellbore casing as in claim 27 

further comprising: 

supporting a second expandable tubular member in the wellbore using a 

tubular support member and an adjustable expansion assembly having 
a first diameter smaller than the inside diameter of the expandable 
tubular member 

positioning the second expandable tubular member in the expanded first 
expandable tubular member with the first portion thereof overlapping 
the second expandable tubular member; 

injecting a fluidic material into the tubular support member, 

sensing the operating pressure of the injected fluidic material within a first 
interior portion of the tubular support member; 

displacing the adjustable expansion assembly relative to the second 

expandable tubular member and into the wellbore when the sensed 
operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular 
support member; 

sensing the operating pressure of the injected fluidic material within a second 
interior portion of the tubular support member. 

adjusting the effective expansion diameter of the adjustable expansion 

assembly to the second diameter when the sensed operating pressure 
of the injected fluidic material exceeds a predetermined level within the 
second interior portion of the tubular support member; 

moving the adjustable expansion assembly having the second diameter a 

predetermined distance into the second expandable tubular member to 
radially expand and plastically deform a first portion of the second 
expandable tubular member below the first portion of the first 
expandable tubular member; 

activating the effective expansion diameter of the adjustable expansion 
assembly to adjust to the second diameter; and 

moving the adjustable expansion assembly through the second expandable 
tubular member and past the portion overtapping with the first 
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expandable tubular member when the adjustable expansion assembly 
is adjusted to the third diameter, and to thereby radially expand and 
plastically deform a second portion of the second expandable tubular 
member to the same diameter as the expanded remaining portion of 
the first expandable tubular member. 

29. The method of claim 27, wherein the adjustable expansion assembly 
comprises an adjustable expansion cone device 

30. The apparatus of claim 27, wherein the adjustable expansion assembly 
comprises an adjustable a rotary expansion device. 

31 . The apparatus of claim 27, wherein the adjustable expansion assembly 
comprises an adjustable compliant expansion device. 

32. The apparatus of claim 27. wherein the adjustable expansion assembly 
comprises an adjustable hydroforming expansion device. 

33. A method of forming a casing in a wellbore, comprising: 
inserting an expandable tubular member into the wellbore 

radially expanding and plastically deforming a lower portion of the expandable 
tubular member to a first inside diameter and 

radially expanding and plastically deforming an upper portion of the 
expandable tubular member to a second inside diameter, wherein the first inside 
diameter is larger than the second inside diameter. 

34. The method of claim 33 further comprising : 

inserting a second expandable tubular member, into the expanded 
expandable tubular member so that a top portion of the second expandable tubular 
member is overtapped by the expanded lower portion of the expanded expandable 
tubular member; and 

expanding the top portion of the second expandable tubular member to the 
second diameter so that the top portion of the second expandable tubular member is 
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expanded radialiy outward in the expanded lower portion of the expanded 
expandable tubular member. 

35. The method of claim 33, wherein the expanding the lower and upper portions 
of the expandable tubular members comprises expanding using an expansion cone 
device. 

36. The method of claim 33, wherein the expanding the lower and upper portions 
of the expandable tubular members comprises expanding using a rotary expansion 
device. 

37. The method of claim 33, wherein the expanding the lower and upper portions 
of the expandable tubular members comprises expanding using a compliant 
expansion device. 

38. The method of claim 33, wherein the expanding the lower and upper portions 
of the expandable tubular members comprises expanding using a hydroforming 
expansion device. 

39. A method of forming a mono diameter casing in a wellbore. comprising: 
supporting a first expandable tubular member in the wellbore using a tubular 

support member and an adjustable expansion cone assembly having a 
first diameter smaller than the inside diameter of the expandable 
tubular member; 

injecting a fluidic material into the tubular support member; 

sensing the operating pressure of the injected fluidic material within a first 
interior portion of the tubular support member, 

displacing the adjustable expansion cone assembly relative to the expandable 
tubular member and into the wellbore when the sensed operating 
pressure of the injected fluidic material exceeds a predetermined level 
within the first interior portion of the tubular support member; 

sensing the operating pressure of the injected fluidic material within a second 
interior portion of the tubular support member; 
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adjusting the effective expansion diameter of the adjustable expansion cone 
assembly to a second diameter larger than the inside diameter of the 
expandable tubular member when the sensed operating pressure of 
the injected fluidic material exceeds a predetermined level within the 
second interior portion of the tubular support member, 

moving the adjustable expansion cone assembly having the second diameter 
a predetermined distance into the expandable tubular member to 
radially expand and plastically deform a first portion of the expandable 
tubular member, 

activating the effective expansion diameter of the adjustable expansion cone 
assembly to adjust to a second diameter smaller than the first effective 
expansion diameter; and 

moving the adjustable expansion cone assembly through the expandable 
tubular member when the adjustable expansion cone assembly is 
adjusted to the third diameter, to thereby radially expand and 
plastically deform the remaining portion of the expandable tubular 
member. 

40. The method of forming a mono diameter wellbore casing as in claim 39 
further comprising: 

supporting a second expandable tubular member in the wellbore using a 

tubular support member and an adjustable expansion cone assembly 

having a first diameter smaller than the inside diameter of the 

expandable tubular member; 
positioning the second expandable tubular member in the expanded first 

expandable tubular member with the first portion thereof overlapping 

the second expandable tubular member; 
injecting a fluidic material into the tubular support member, 
sensing the operating pressure of the injected fluidic material within a first 

interior portion of the tubular support member; 
displacing the adjustable expansion cone assembly relative to the second 

expandable tubular member and into the wellbore when the sensed 

operating pressure of the injected fluidic material exceeds a 
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predetermined level within the first interior portion of the tubular 
support mennber; 

sensing the operating pressure of the injected fluidic material within a second 
interior portion of the tubular support member; 

adjusting the effective expansion diameter of the adjustable expansion cone 
assembly to the second diameter when the sensed operating pressure 
of the injected fluidic material exceeds a predetermined level within the 
second interior portion of the tubular support member; 

moving the adjustable expansion cone assembly haying the second diameter 
a predetermined distance into the second expandable tubular member 
to radially expand and plastically deform a fir^t portion of the second 
expandable tubular member below the first pprtion of the first 
expandable tubular member; 

activating the effective expansion diameter of the adjustable expansion cone 
assembly to adjust to the second diameter; arjid 

moving ttie adjustable expansion cone assembly through the second 

expandable tubular member and past the portion overiapping with the 
first expandable tubular member when the adjustable expansion cone 
assembly Is adjusted to the third diameter, and to thereby radially 
expand and plastically deform a second portion of the second 
expandable tubular member to the same diameter as the expanded 
remaining portion of the first expandable tubular member. 


! 


48 


wo 2(M)4/0272«5 


PCT/US2003/029859 



1/43 


wo 2«()4/a27205 


PCT/US21MI3/029859 



2/43 


wo 2(MM/0272()5 


PCT/US2003/029859 



3/43 


wo 2tM)4/027205 


PCTAjS20l)3A>2985«> 



4/43 




wo 2004/02721)5 


PCT/US2003/029859 



7/43 


wo 20»4/0272l>5 


PCTAJS2003/029859 


Fig. 7e 
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Fig. Sb 
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